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In preparation of a publication on benign
tumors of the skin, the authors were lead to a
study of the histochemistry of the secretion
granules and luminal contents of normal apocrine
and ecerine glands. It became apparent that
clarification of the significance of the results of
the periodic acid Schiff (PAS) and Alcian Blue
(AB) staining was needed.
THE PERIODIC ACID 5CHIFF REACTION
Most older reports in the literature referred to
the PAS reaction as being positive or negative,
without regard to the color produced. Some
authors referred to a positive reaction as red,
while others felt that oniy a magenta color
represented a true positive reaction. More re-
cently, the consensus has been that any recolora-
tion of the Schiff reagent must be interpreted as a
positive reaction. As noted by previous workers,
two distinct colors are produced in our tissue
sections by application of the PAS stain. Gly-
cogen and certain other structures yield the
classical magenta color, while other structures
are stained a shade of red quite different from
magenta.
The reason for the two different colors has been
investigated by several workers. Elftman (1)
carried out the PAS reaction on formaldehyde
in vitro and found that a low SO2 and a high SO2
content of the incubating solution, on spectro-
photometric analysis, gave two different absorp-
tion spectra for these two solutions, while basic
fuchsin solution and old Sehiff reagent had dis-
tinctly different spectra. Hooghwinkel and
Schmidts (2) produced the same absorption
curves as given by Elftman's magenta (dialde-
hyde Schiff) compound with solutions of glyco-
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gen. In attempting to explain the chemical
significance of these distinct absorption spectra,
Elftman cited Wermel's view (3) that the red
reaction may indicate a monoaldehyde compound
of Schiff reagent, the magenta color a dialdehyde.
However, Gurr (4) has questioned this interpre-
tation, since it appears that only a dialdehyde
union will produce the necessary quinonoid
rearrangement in the basic fuchsin molecule
which is necessary for its recolorization. Since
both the red and magenta colors appear in the
same histologic sections, the variation in color
cannot be explained by the SO2 content of the
incubating medium, and some chemical differ-
ences in the structures being stained must be
sought.
Braden (5) reported that acid mucopolysac-
charides stain only weakly with PAS and this
was confirmed by Glegg, Eidiriger and LeBlond
(6, 7) who reported that the PAS reactivity of so
called "pure" acid mucopolysaceharide was
induced by the presence of contaminating non-
acid mucopolysaccharide hexoses, and that the
PAS reaction was negative on the glucuronic acid
component of acid mucopolysaceharides. Hoogh-
winkel and Schmidts (2) also concluded that
contaminating neutral sugars and not the hex-
uronic acid or hexosamine component of acid
mucopolysaccharides are responsible for the PAS
reactivity of these compounds. Yet the accepted
chemical structures of certain complex acid
mucopolysaccharides, for example chondroitin
sulfate, with its available 1,2 glycol groups not
involved in the polymer linkage, suggests that
the PAS reaction should be positive with this
compound (Fig. 1) while hyaluronic acid lacks the
necessary 1 , 2 glyCol groups because of its poly-
meric structure (Fig. 2). It would seem that the
PAS positivity of mucopolysaccharides is de-
pendent upon the polymeric linkages because
1,2 glycol groups may be tied up or free depend-
ing on whether they are involved in that linkage.
THE ALCIAN BLUE REACTION
Alcian Blue 8GS is a quaternary salt (16) of
copper phthalocyanin which has been considered
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to be a specific stain for acidic groups (8, 9) and
the internal hydroxyl groups of carbohydrates
(10, 11). Mowry (12, 13) and Runge, Ebner and
Lindenschmidt (14) stated that Alcian Blue is a
specific stain for acid mucopolysaceharides.
WTagner (9) and Vialli (15) noted a correlation
between Alcian Blue staining and toluidine blue
metachromasia.
Because of its chemical nature, Alcian Blue
should stain any substance which can act as an
acid. This property accounts for the staining of a
number of protein acids (11) and the DNA of
nuclei (8). That Aleian Blue reacts with the
internal hydroxyl groups of carbohydrates is
considerably less certain. This hypothesis is based
on the observation by MeKinney (11) that under
certain in vitro conditions some pure carbohy-
drates retain Alcian Blue. However, McKinney's
results fail to distinguish whether the coloration
of the carbohydrates was produced by a true salt
linkage of the dye to the hydroxyl groups of the
carbohydrates, or by adsorption of the dye onto
the surface of the carbohydrate molecules, a
phenomenon well known in the textile dyeing
industry, in which Alcian Blue has been ex-
tensively employed.
In an attempt to resolve this question we
repeated and extended McKinney's experiments
and duplicated his results. In addition glucose
preparations having two crystal sizes were em-
ployed. Both retained Alcian Blue, but the
preparation containing small crystals retained
the dye after repeated washing with 95% alcohol,
while the coarse crystals lost their color after the
fourth washing. This suggests adsorption of the
dye to the glucose molecules, rather than true
chemical union. MeKinney did not employ
glycogen in his experiments. If the theory that
Alcian Blue forms a chemical union with carbo-
hydrates through the hydroxyl groups is correct,
then glycogen should be stained in tissue sections,
yet it is well known that it is not. We subjected
glyeogen to the in vitro procedure of McKinney
and found that it retained the dye as well as did
the other carbohydrates tested by MeKinney
and by us.
In summary, there is little evidence that Alcian
Blue stains carbohydrates through a chemical
union with internal hydroxyl groups. Rather
staining of carbohydrates is probably mediated
solely through terminal acid groups.
CORRELATION BETWEEN PAS AND
ALCIAN BLUE STAINING
Acceptance of the view that PAS does not
stain acid mucopolysaccharides, and that Alcian
Blue reacts only with carbohydrates having an
acidic function might lead to the misconception
that these stains are mutually exclusive. Jn fact,
this is not true, since in our material, with the
exception of glycogen and ehitin, all those sub-
stances which stain magenta with PAS are also
AB positive, while those substances which stain
red with PAS are AB negative. Glycogen con-
tains the necessary 1 ,2 glycol linkages for PAS
reactivity, and chitin, which is a polymer of
acetylglucosamine, has available 1 hydroxyl, 2
substituted amines which can react with PAS,
yet both compounds lack the acidic groups
necessary for reaction with AB. It would appear
that material which is magenta to PAS and AB
positive may be either complex acid mueopoly-
saccharide or acidic mueoprotein (ci. Hale's
classification (16)), while that material which is
red to PAS and AB negative may be neutral
mucoprotein, neutral mucopolysaccharide or
glycoprotein. It is not clear, however, whether
the AB positivity of the PAS magenta compounds
is to be accounted for by acid groups attached to
carbohydrate or to protein fractions of these
protein-carbohydrate complexes.
It should be noted that not all carbohydrates
which are AB positive are PAS positive. An
example is the hyaluronidase digestable material
in the hair follicles in alopecia mucinosa. Thus
the view that some acid mueopolysaecharides
are PAS negative is correct. However, this does
not imply that all of them are.
SUMMARY AND CONCLUSIONS
Two colors, magenta and red, were observed
after PAS staining of skin tissue sections. With
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the exception of glycogen and chitin, that ma-
terial which stained magenta with PAS also
stained with Alcian Blue, while that material
which stained red with PAS was negative to
Alcian Blue.
The previously stated opinion that Alcian
Blue can chemically join with hydroxyl groups of
carbohydrates is held to be doubtful. Evidence
has been produced that the apparent staining of
carbohydrates in vitro is probably due to ad-
sorption of the (lye, and that only acidic groups
form a true chemical union with Alcian Blue.
It is suggested that those substances in tissue
which stain magenta with PAS and are Alcian
Blue positive are certain complex acid mucopoly-
saccharides or acidic mucoproteins, while those
substances stained red by PAS, and Alcian Blue
negative, are neutral mucoproteins, neutral
mucopolysaecharides or glycoprotcins.
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